Background: Emergency workers such as firefighters are cataloged within the most demanding and injurious professions globally. Considering the health and safety implications in firefighting, a lot of research needs to be conducted to examine how firefighters' task characteristics and their work demand influence the development of work-related musculoskeletal disorders (WMSDs). This study therefore examines how the task characteristics of firefighters moderates the relationship between their work demand and the development of WMSDs. Methods: Convenient sampling was employed to select 320 firefighters in the Greater Accra region of Ghana. Data were analyzed using descriptive statistics, correlation, and regression. Results: The findings revealed that work demand and task characteristics have significant positive effects on WMSDs. Again, the task characteristics of firefighters moderates the relationship between their work demand and WMSDs. Conclusion: Since the study shows that task characteristics influences the relationship between work demand and WMSDs, it is vital for managers to constantly modify the nature of tasks performed by and work demand of emergency workers to minimize the development of WMSDs and other industrial health complications.
Introduction
Even though the demanding nature of every work can pose adverse health effects to workers, professionals employed in highly demanding work settings can be more vulnerable. Reports by the International Labour Organization (ILO) [1] shows that an annual estimated 2.2 million deaths are due to industrial illnesses and accidents. Globally, emergency workers such as firefighters, the army, the police, rescue workers and health workers fall within the highly demanding and injurious occupational groups. Although there is high demand associated with emergency work, demands placed on firefighters in developing countries appear to be abnormally high as compared to those in advanced countries. For instance, a report by International Labour Organization [2] approximated that firefighter to citizen ratio in developed countries (European nations) was 1:1,000e1,200, while developing countries (Mali) had a ratio of 1:33,435, which is extremely high. Additionally, the escalating fire outbreaks in developing countries such as Ghana are likely to increase the work demand of firefighters [3] . The Ghana National Fire Service (GNFS) fights over 1000 fires annually. For instance, in 2015, the GNFS fought 6214 fires nationwide [3] . Beside, work-related musculoskeletal disorders (WMSDs) have been linked with work stress, high workload and demand, low job control, and work monotony (Cañadas-De la Fuente et al.; Norlund et al) [4, 5] . These situations might not be too different from that of the GNFS due to the nature of their work.
Work demand has been defined by Jones and Fletcher [6] "as the degree to which the working environment contains stimuli that require some effort" (p. 34). High work demand causes undesirable consequences if they necessitate additional effort beyond the E-mail address: wiredujustice@yahoo.com (J.K. Kodom-Wiredu).
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Safety and Health at Work normal way of attaining work targets (Demerouti et al) [7] . Nunes [8] defined "work-related musculoskeletal disorders as a wide range of inflammatory and degenerative conditions affecting muscles, tendons, ligaments, joints, peripheral nerves, and supporting blood vessels" (p. 121). Musculoskeletal complaints may occur when muscles or tendons are overextended or over-used beyond their capabilities. Among the likely ergonomic risk causes of WMSD are repetitive motion, awkward posture, forceful exertions, pressure points, and static postures. According to Kim and Soergel [9] , task characteristics can be considered "either objectively to measure the inherent structural nature of a task or subjectively to measure the perception of task performers" (p. 4). Task characteristics therefore imply the relationship between a job and the job performer. Typically, the firefighting profession is characterized by uncertainty, exposure to human loss, shift work, and traumatic incidences among others. With regards to workers in the firefighting profession, the nature of their jobs might require additional effort, which might culminate into musculoskeletal complaints. In Ghana, firefighters work under conditions of high speed, uncertainty, repetitive bending, exposure to extreme heat and smoke, long hours of standing, stress, and exposure to biological hazards such as blood of victims they salvage (Cañadas-De la Fuente et al) [3] .
Some researchers have reported incidences of WMSDs among firefighters, other professions, and the general public. Kim et al [10] for example examined the predictors of WMSDs among 21,466 Korean male fire service workers. It was found that physical environment, work demand, organizational structure, occupational climate, inadequate rewards, and job insecurity had relationships with the manifestation of WMSDs. In Canada also, Cole et al [11] found that sex, education, job insecurity, high levels of physical exertion, and high levels of psychological demands have positive associations with work-related repetitive strain injuries. Both the Korean and Canadian studies employed the Nordic questionnaire and revealed that heavy work demand placed on workers can lead to the development of musculoskeletal complaints. While Kim et al [10] emphasized on how the work setting and physical demand of work predict WMSDs, Cole et al [11] highlighted the association between psychological work demand and WMSDs. It is therefore suggestive that both physical and psychological work demand influence WMSDs. However, both studies did not indicate how the task characteristics of firefighting affected their health. Also, the study by Park and Jang [12] revealed that excessive shock in the upper limit was significantly attributed to less decision opportunity at work, and work demand had a significant relationship with neck and shoulder complaints. Further, it was found that control over time was related to neck complaints whereas both high demand and low decision opportunity significantly predicted shoulder and neck complaints among females. In Brazil, Fonseca and Fernandes [13] found that work-related musculoskeletal complaints in the neck, shoulder, or upper back and the lower back had relationships with physical work demand (handling heavy materials, poor back position, and repetitive tasks), psychosocial demands, and hazardous physical fitness. From the findings, the nature of tasks assigned to workers can lead to the development of WMSDs. Also, musculoskeletal complaints in distal upper parts can be related to physical work demand (repetitive and energetic tasks) as well as number of years in service. This points to the necessity for interventions to fit in both the organizational elements of work and adaptations in the physical environment and in the characteristics of work assignments. The findings of Park and Jang [12] and Fonseca and Fernandes [13] are akin since they both highlight how high work demand and task characteristics relate to WMSDs. Task-related issues such as lack of control over work and minimal participation in decisions regarding work can cause workers WMSDs, highlighting the need for task assessment. In the United States, Krause et al. [14] similarly revealed that people with high exposures to physical workload and ergonomic complaints were 3.24e 5.42 times more probable to report extreme musculoskeletal conditions than those with lower exposures. It was also reported by Shaik et al [15] that age, work experience, and working hours per week had significant association with WMSDs. This hints that aside the influence of work demand and task characteristics on WMSDs, the age, work experience, and hours of work done by firefighters can also influence the development of WMSDs.
Even though the demanding nature of tasks performed by firefighters can affect the development of WMSDs, the nature of tasks they perform appear to effect the relationship. This study therefore seeks to examine whether the work demand and task characteristics of firefighters relate to the development of WMSDs and to also find out whether task characteristics moderates the relationship between work demand and WMSDs ( Fig. 1 ).
Hypotheses
H1 Firefighters' work demand will have a significant positive effect on the development of WMSDs H2 Firefighters' task characteristics will have a significant positive effect on the development of WMSDs H3 Firefighters' task characteristics will moderate the relationship between the work demand and WMSDs
Materials and methods

Study design and sampling
Using a cross-sectional survey design, the study sampled 320 out of a total of 1367 firefighters in the Greater Accra Regional Fire Command, Ghana. The Greater Accra Region was selected because of its high record of fire outbreaks in Ghana (GNFS) [3] . Also, respondents were selected through convenient sampling. Participants were sampled from the lowest rank (Recruit firefighter) to the highest rank (Chief fire officer).
Instrumentation
A self-reported questionnaire was used for the data collection. The questionnaire had four sections: demography, work demand, WMSDs, and task characteristics. The demographic section comprised of items such as: gender, age, and number of working [18] . The Nordic questionnaire measures pains, hurts, or aches in any of nine (9) Variables that could affect firefighters' development of WMSDs were controlled for in this study. They are sex (Cole et al) [11] , age (Shaik et al) [15] , and working hours (Park and Jang) [12] . These variables were included because they had relationships with WMSDs in previous studies and could account for some variance in WMSDs. Sex being a dichotomous variable was coded as (0 male, 1 female), age was coded as (1 if 25e34 yrs, 0 otherwise), (1 if 35e44 yrs, 0 otherwise), (1 if 45e55 yrs, 0 otherwise); and (1 if more than 55 yrs, 0 otherwise), while 18e24 yrs was coded as 0 and used as the reference group. Working hours had four levels: (1 more than 6 hour but less than 8 hour, 0 otherwise), (1 more than 8 hour but less than 10 hour, 0 otherwise), (1 more than 10 hour but less than 12 hour, 0 otherwise), and (1 more than 12 hour, 0 otherwise), whereas 6 hour or less was the reference category and coded as 0.
Data collection and analysis
Data for this study were collected from MarcheMay 2016. Questionnaires were personally administered to firefighters within the Greater Accra Regional Command. Ethical considerations such as approval, informed consent, voluntarily participation, confidentiality, and anonymity were adhered to. In terms of data analysis, the Predictive Analytics Software, version 22.0, was the analytical tool used. Respondents' demography was analyzed descriptively. Correlation test was preliminarily used to test for relationships among variables. Further, a multiple hierarchical regression analysis was used to test for the direct effects of work demand and task characteristics on WMSDs as well as the moderation effect of task characteristics on the relationship between work demand and WMSDs.
Results
Assumption testing
Assumptions of normality and multicollinearity were tested. From Table 1 , the z-scores of skewness were (À0.110, À1.272, and À0.206) for work demand, task characteristics, and WMSDs, respectively. The Kurtosis z-scores were (À0.305, À0.430, and À1.367) for work demand, task characteristics, and WMSDs, respectively. All variables fell within the normality thumb of rule (À1.96 to 1.96), hence all variables were normally distributed. Again, all variables had correlates below 0.8, showing signs of no multicollinearity as shown in Table 4 . Also missing data were controlled through expectation maximization approach (Tables 2  and 3 ). Table 4 , there was a significant positive relationship between work demand and WMSDs (r ¼ 0.23, p < 0.01). Further, a regression analysis was conducted to determine the predictive ability of work demand on WMSDs. From Table 5 (step 2), firefighters' work demand has a significant positive effect on WMSDs (b ¼ 0.226, p < 0.01) after controlling for sex and age. Also work demand explained 5.1% (DR 2 ¼ 0.051) of variance in WMSDs. Hence hypothesis 1 was supported.
Demography
Hypothesis 2. Firefighters' task characteristics will have a significant positive effect on the development of WMSDs. The second hypothesis sought to find out whether there is a relationship between firefighters' task characteristics and WMSDs. A Pearson's product moment correlation was used to test the relationship between task characteristics and WMSDs. From Table 4 , task characteristics have a significant positive relationship with WMSDs (r ¼ 0.26, p < 0.01). Further test was carried out to determine the causal effect of task characteristics on WMSDs. A regression test was carried out to test for the effect. From Table 5 (step 3), firefighters' task characteristics has a significant positive effect on WMSDs (b ¼ 0.214, p < 0.01) after controlling for sex and age. Further, task characteristics accounted for 4.2% (DR 2 ¼ 0.042) of variance in WMSDs. The findings therefore support hypothesis 2.
Hypothesis 3. Firefighters' task characteristics will moderate the relationship between their work demand and WMSDs. The third hypothesis sought to test whether firefighters' task characteristics moderates the relationship between their work demand and WMSDs development. To test for moderation, a 4-step hierarchical regression was carried out (Baron and Kenny) [19] . To prevent high multicollinearity, work demand and task characteristics were centered (Aiken and West) [20] before creating their interaction term (WD Â TC). From Table 5 
Discussions
Effect of firefighters' work demand on the development of WMSDs
The findings indicate that the work demand of firefighters affect the development of WMSDs. This suggests that increase in firefighters' work demand will lead to higher occurrences of WMSDs. From Table 5 , a unit increase in firefighters' work demand will lead to a 22.6% increase in the occurrence of WMSDs, holding other factors constant. The findings buttress the earlier study by Kim et al [10] among Korean firefighters which revealed that work factors such as work demand, structure of organization, work climate, physical environment, lack of job security, and poor rewards significantly affect WMSDs. Fonseca and Fernandes [13] also provide an indication that both physical and psychological work demands cause musculoskeletal complaints. Also, high levels of physical exertion have been reported to result in WMSDs [11] . These findings imply that as the level of demand in firefighting intensifies, it leads to WMSDs. As such, the more firefighters' tasks are characterized by heavy workload, high pressure, speed, and the need to work extra harder to finish their tasks, there is the high likelihood of developing WMSDs. High work demand resulting from such activities can cause strain and pains in body parts of firefighters, leading to WMSDs.
The effect of firefighters' task characteristics on the development of WMSDs
Firefighters' task characteristics has a significant positive effect on the development of WMSDs. Controlling for age and sex, a change in task characteristics will lead to an increase in incidences of WMSDs. From Table 5 , a unit alteration in the task characteristics of firefighters will lead to a 21.4% increase in the development of WMSDs, holding age and sex constant. This implies that repetitive and strenuous tasks can result in musculoskeletal disorders. This means that the nature of tasks performed at work can result in the development of WMSDs. This finding supports earlier reports by Cole et al [11] who found that high levels of physical exertion and psychological demands have positive association with work-related repetitive strain injuries. Therefore, work characteristics such as uncertainties, human loss, standing for long hours, rescuing victims, responding to distress calls, and sight of injured and dead people can culminate in musculoskeletal disorders.
How firefighters' task characteristics moderate the relationship between their work demand and WMSDs
Task characteristics moderate the relationship between work demand and WMSDs. From Table 5 , the interaction term between work demand and task characteristics has a significant negative effect on WMSDs and accounted for a 2.8% variation in WMSDs. Also, a unit modification in the task characteristics of firefighters can lead to a 17.4% reduction of the effect of work demand on WMSDs. The findings therefore suggest that task characteristics reduce the effect of work demand on WMSDs. This outcome conforms to earlier suggestions by Fonseca and Fernandes [13] who opined that interventions such as work adaptations and task modifications have implications for health and job outcomes. These findings highlight the importance of modifying the task characteristics of firefighters to lessen the effect of their work demand on the development of WMSDs. This indicates that alterations of firefighters' tasks (such as uncertainties, exposure to human loss, shift work, speed, etc.) will minimize how work demand causes the development of WMSDs.
Implications/recommendations
The current study provides some useful insights into industrial health and safety management in emergency work settings. If taken into consideration, such insights can help organizations adjust their work systems to enhance the health and safety of their employees. The work demand placed on workers has the propensity to result in undesirable organizational and health consequences. But a careful adjustment of work demand and task characteristics can provide some beneficial health outcomes.
To begin with, WMSDs is caused by excessive work demand. Incidences of WMSDs can result in various adverse health outcomes such as stress, accidents, permanent disability, and even death. It can also result in undesirable organizational outcomes like low motivation, turnover, and absenteeism among others. The aftermath of these outcomes are inefficiencies, low productivity, and poor service such as slow response rate among fire service workers.
Again, work demand affects WMSDs, such that increase in the work demand of workers leads to increased development of WMSDs. The amount of work assigned to workers can result in the development of musculoskeletal complaints, especially when they will require additional energies. Managers and supervisors are therefore entreated to consider the level of resilience and capabilities of their workers before assigning tasks to them. This to a large extent will prevent either under assigning or over assigning of tasks since they have implications for health.
To add, the study justifies the influence of task characteristics on the effect of work demand on WMSDs. Managers' ability to modify the nature of tasks assigned to workers and how such tasks are performed can be of enormous health benefits to both the employee and the organization. The adoption of working dynamics such as teleworking, job sharing, and job rotation can reduce the amount of demand inherent in various work settings.
Conclusions
Based on the findings, it is clear that even though increase in employees' work demand can result in the development of WMSDs, the responsibility of altering work depends highly on managers and supervisors. The ability of managers and supervisors to assign the right work to the right person at the right time is key. Particularly, in emergency services, there is the need to screen for bounciness, ability, and easy adaptability among new recruits whenever recruiting fresh firemen and firewomen. The importance of excellent health and safety at the workplace cannot be underemphasized because of its direct and indirect implications for the employee, the organization, and the state as a whole. Therefore, a lot of measures need to be put in place to ensure the good health and safety of workers at all times through proper job designs.
Limitations of the study
The study is limited in terms of its coverage. Even though there are several emergency professions in Ghana, the study was carried out among only firefighters. Also the study was centered in the Greater Accra region of Ghana. Therefore, results could have been different if the scope of the study was extended to other emergency professions and other geographical regions. Again, the study adopted a quantitative approach which limits the responses of participants. As such, a qualitative study may also be carried out to get in-depth views on firefighters work demand, task characteristics and WMSDs. Lastly, the use of cross-sectional data limits the strength of causality, hence future studies may use panel data to enhance the strength of the causal influence of task characteristics on the relationship between work demand and WMSDs.
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